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Tab.1 The 7" to 12" fundamental of 3D anisotropic elastic problem

i u; U wy; o‘T

7 Diix+ Disy+ Dis = Disx+ Dizy+ Dz Disx+ Duy+ Disz [1 oo o o0 o]
8 D1z 2+ Dog y+ Dos = Das x+ Doz y+ Doy z Dos 2+ Doy y+ Doz =z [0 100 0 o]
9 D1z x+ Dss y+ Dss = Dss x+ Doz y+ D= Dss x+ Dasy+ Dsz=z [0 01 0 O O]T
10 Diyx+ Dys y+ Dis = Dys x+ Doy y+ Dus = Dys 2+ Dyg y+ Dz [o oo 1 0 o]f
11 Dis x+ Dss y+ Dss = Dsg x+ D25 y+ Dis 2 Dss 2+ Dss y+ Dis z o o oo 1 o]f
12 Dis v+ Dgs y+ Dsg = Dsg x+ Do y+ Dus 2 Dsg x+ Dss y+ Dis z (o oo o o 17"

Bt B rp L B R I L, WG 12 B A Ao, XA TC BB 06 XF RN TN S f# . Ry

il b 5 L~ 506 A iR N A 2 A S L T
55 T~ 12 D IEARMINAGE 1, © AT T i TR
TN R AR TR B SN . S22 B Y
LA fif ] L) BEOSCRR 13 000 J7 45 3], ik w25
HARFK K,

3 EHEBEITMIE
BEYE LT 2 Y985 th R S E T

u—§au,v—§av,u §aw

X a jﬂf”XM*", wis v, Fl w, ﬁﬁ”jﬂi‘ﬂﬁﬁ e
RIDFEA S R AL RS i o ke 9 FEAS R B, FEAR i
F4 326 BB 2 35 2 = R = (1) BEA fiff 42 A A 9 T
FeHEF . (2) BEAMRAY AR R R T 805 T 50y
Fo R (3) PRIIER{E 2 TNm o8 s 1k . R4 2
Bral J FEARIESE S PE R ZOR T RN e 5
HEAMR LRI BHL 0 Z 1A k=3(n+ 1),

(3

ARSCWRTE 9 23 6]\ s Bk sion, by 24 A
HY B T A SEA A (R B 8O0 B =2, FE T k=27 4>
A . RERE I 135 R
o :i @ 0y O, :i a,0yi 5 O :i a, 0
O =D 4, Oyeiy O =D @, 0uris Ory =D a,0eyi (4)
BT e R
UC:%LIO'TDO'dV:%aTRa:%gTa (5
X a=[a  aray] RIS XRIFERE, B R—
AXIFREE R RE ) AL i a AT g A g,
Hp g=Ra (6)
R 53 YO
0ss O6xs Opas
R= |0 Ru Re D)
0 R Ry

XF LT BI ST F1 0 Roy RN T—Bir B S5, (D
AR BB 1) 58 3R AT 5 (5) B AR5 31 e
R, =VD (€D
A VO BRITARR, X BUEE 2 T HAb > B R B
(L ST
/T B AR T SRR 1 B d, B
24 HEHN ) E . BARLHAERUNT (=27, AL
BC . AT oI BE PR A A P e, HA R A7
[0 AH M L AR SCHE BT D AR I 1 A Z2 R AR Y
mLo TR B RUALAS R

d
dt.[ } D)
d,
A d, g3y R O R AL i )

JE R TT T S H R E SRS T R,
W 34 TS B BT T AR BR AR A B 3 4 A oA
B R AR SR R d ST RS T
itoa ZE R OE R .
d.=Ta (10)
K TR 27X27 ey B4 e . KU Qo fRA
), A B AL RS 1 i d. ROR A BT

AR I R 5% B N

Q:%£K¢ an
HErb ok Y SRS 1) d, RGBT R

K=T RT' (12)
17 XoF 17 A9 7 05, 77 1) oy

f=Kd=T g (13)

F T 224 {15 BT A B 8 PR R7E BT T B R

MR, R E B JC B SR Y, T B

HATIEIE,
4 FREWEHRBEEEE

AR SCR A SCHR (6 148 43 14 J7 1 % o0 i
IE A HE B0 03 SR R

fr e



14 T W E DB AW RN\ R RT 33
BATTAY S Y 8 — TUEOR O, Y AR R AP wG=1~2D0 THERNLS i 5], BTy ~

WA A7 % B BT N B AS P2 2R R T . T RS
RIS, AR Fl B 5 14 43 B 470 1 PR B (3) L 4k ]
PRS0, #0(i=1~6),q;=0(j=7~27), KW Itk,
BATT A 1 7 4 B PR A A SR . BRI K.
O3 RS 1R 5 — TR R i Y

HUITAY B S 5 IR S, 2 BT i
— Y510 J18g o i O Y Bt B ) 4 24 F)
Tk O AR 5 T 1 0 R 2 0 i s (13)
BN BRI A i f AR ) AR 20 R
W maE fO R AR R
e g =T'F St st (6) 5% 2 i 2t 45 S
o] i g AHIA]

X LT R A x ¥ 510 i 6= 6 (H
oo B RIERFIAZK D PR IEFT /8T, MG
{E PR B 1. X A5 R g %k B T S B
a,=[0-0 1 0.0, WHHEELIILEN 1, K
HILENR 0, RO XK a, SR X
ﬁmﬁ&,Wﬁ%Rm%7w

— 5 T . BT B0 & A S A R 3,
ﬁ%%%%@%ﬂwﬁﬁﬁLﬁﬁmﬁ%ﬁ%@
() PRI S 1T DA 42 R 2 1k 4 1 1 O =00 B T i T A
WIE SOE T U e X ST O AR sy ]
HLoh £, BlanxtaniE 1 FoR R RRIT, £ B
—AIEE BV EIRAE x MBI S E T 1
b xR AR
£ = Sipsi+ Siugs + Siser + Stz + Sus + Sipe (14)
R Sy M A 1.2.3.4 B VUL IEAE yoz
I BB R, Sy A H TR 1,2, 4 B =
FAE yor Vi LR, X HAMAET TR
{E AT UL L 3% AR ——31

T R £ g R R A T LA
1531 [0] 5
gm T f7<1> [Wle;m"'V’;f;m]T (15)
8 7
5 3

z
)—y1 A

SRS U STt e 7 =y
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A8-Node rational element for 3D anisotropic elastic problem

MAO Ling, YAO Wei-an, GAO Qiang’, ZHONG Wan-xie
(State Key Laboratory of Structural Analysis for Industrial Equipment, Dalian University of Technology,Dalian 116024 ,China)

Abstract: For conventional finite element,only the geometry and node locations are considered in the in-
terpolation functions,while the physical parameters which reflect the key features of the physical prob-
lems is ignored, so its numerical performance may not satisfied. In contrast, for rational finite element
method, the fundamental solutions of the differential equations are taken as the interpolation function and
so the resulting stiffness matrix is related closely to the physical parameters of the problem. Therefore,
for rational finite element,the separation between the mathematical and physical problems in the conven-
tional finite element method can be avoided.and so the stability and accuracy of numerical analysis can
improve significantly. In this paper,an eight-node brick rational element, which satisfies the requirements
of the patch test,is constructed using the fundamental solution of the 3D anisotropic problems. Numeri-
cal examples show that the rational element gives numerical results with not only high accuracy, but also

good numerical stability,especially it is insensitive for the ill-shaped meshes.

Key words: anisotropic;rational finite element;eight-node brick element

Research on reliability design of complex multidisciplinary
system based on convex model theory

TAO You-rui"?, HAN Xu"*
(1. Department of Mechanical Engineering , Hunan Institute of Engineering ,Xiangtan 411101, China;
2. State Key Laboratory of Advanced Design and Manufacturing for Vehicle Body,School of Mechanical and
Vehicle Engineering, Hunan University,Changsha 410082, China)

Abstract: Complex engineering system usually involves coupled multi-discipline and uncertainties. A new
approach for reliability design of multi-disciplinary system is proposed,in which uncertain variables are
described by convex model and sequential optimization, and reliability assessment method are used as
optimization strategy. The reliability analysis method is performance measure approach,and multi-disci-
plinary feasible method or bi-level integrated system synthesis method is used to optimize the multi-disci-
plinary system. A numerical example and an engineering problem were solved by the approach to demon-
strate its effectiveness. Compared with the conventional inner-loop method, the computational efficiency
is higher. Therefore, the novel approach is likely applied in reliability design for complex engineering

system.

Key words: convex model theory;multi-disciplinary design optimization;reliability design



